Recently, the demand of nursing care rapidly has been increasing along with the progress of serious aging society in Japan (1) . Accordingly, the physical burden to the caregivers is increasing. In care works, it is important to watch over care-receivers with privacy preservation in the house or the nursing home. Thus, it is difficult to use the systems with security or surveillance cameras that might violate the care-receivers' privacy. In order to solve the problems, the Obrid-Sensor that can detect the position and condition of the subject without privacy violation has been developed in previous researches. However, the Obrid-Sensor did not correspond the detection of multiple subjects. Moreover, in order to obtain the subject's position information from a higher perspective, a complex installation of the Obrid-Sensor has to be introduced. Therefore, we propose the tracking method by estimating the horizontal and depth position of the subject simultaneously with one Obrid-Sensor in this research. The installation of the Obrid-Sensor in the proposed method is simple. It is also possible to track multiple subjects respectively at the same time.
Introduction
Due to the progress of aging society in Japan, elderly people living alone have been increasing. The shortage of labor force in care service has become a serious problem. However, it is impossible for caregiver to watch over the elderlies completely because of the physical and mental burdens and for the caregivers. Therefore, the development of sensing systems that can reduce the burden in watching over in a long time is expected (2) . Though the system using camera images is given as one example of the sensing system. The system has some problems, such as high installation cost, and privacy violation possibilities in some private places in daily life (3) . In order to solve the problems, we developed the Obrid-Sensor that can watch over care-receivers without violating privacy in daily life. The system was developed to detect motions and status of a single subject. It could not correspond multiple people or the occlusion with the obstacle. Multiple the Obrid-Sensors are also needed to estimate the horizontal and depth position of the subject simultaneously (4) (5) (6) . In this research, we introduce the method to estimate the horizontal and depth position, and occlusion with abstract by using an Obrid-Sensor and a Kalman filter (7) (8) . 
Orbid-Sensor

Theoretical Structure
The Obrid-Sensor consists of a line sensor and a cylindrical lens. The cylindrical lens is one of a planoconvex lens. The line sensor is an optical sensor set light receiving elements in a low. It is generally used as the products such as a scanner or a barcode reader. The cylindrical lens collects incident lights. The theoretical structure of the Obrid-Sensor is shown in Fig. 1(a) . The top view of Fig. 1 (a) and the side view of Fig. 1(a) are respectively shown in Fig. 1(b) and Fig.  1 (c). The horizontal lights from each points R, C, L of the subject space enter to the corresponding points S R , S C , S L on the line sensor through the center of the cylindrical lens. As shown in Fig. 1(c) , the cylindrical lens does not have the effect of the lens because of the shape of flat glass. Thus, the lights from each point C + to Cof the subject space enter one point S C on the line sensor. Therefore, the lights from the subject space are integrated, the brightness corresponds to the integral value.
Feature Acquisition Method
The proposed method uses the background subtraction method (9) to estimate feature value. The method extracts the object that did not exist in the previous frame by comparing the current image and the previous image. The image captured by camera for the confirmation in the detection range of the Obrid-Sensor is shown in Fig. 2 (a). The brightness distribution waveform observed by the Obrid-Sensor is shown in Fig. 2(b) . Firstly, when the subject does not exist in the detection range, the Obrid-Sensor obtains the brightness distribution waveform that means the background. Secondly, when the subject exists in the detection range, the Obrid-Sensor obtains the brightness distribution waveform that means the foreground. By taking a difference of the two waveforms, the brightness distribution waveform that means the feature value of the subject is obtained. In this research, in order to explore the feature values of the multiple subjects, the proposed method uses the maximum value of the difference waveform. Then, it may be difficult to explore the ideal maximum value due to the dark current noise from the Obrid-Sensor. Thus, the maximum value is calculated after performing the moving average processing to the difference waveform by the equation (1) .
The Li is the brightness value at the pixel number i. The L ' i is the brightness value after the moving average at pixel number i. The N is the number of the pixels of the line sensor. The proposed method calculates the incline gi at pixel number i for the difference waveform provided from the equation (1) by the equation (2).
The proposed method defines m as the step to calculate the incline gi. The Diffi is the brightness value of pixel number i in the difference waveform. The pixel numbers of maximum value and minimum value calculated the moving average are made into one set. The middle pixel number is defined as the horizontal position Ph. Therefore, this method can explore the feature values of multiple subjects robustly against dark current noise.
Methodology
Depth Distance Measurement Method
The positional relationship between the Obrid-Sensor and the subject is shown in Fig. 3 . The D is the distance between the subject and the Obrid-Sensor is determined by 
The length WXY of the line XY depends on the position of the subject. Therefore, to calculate the depth distance, it is necessary to compare the width wc of the subject with the actual width l of the subject. The WXY is expressed by equation (4).
The P is the total number of pixels of the Obrid-Sensor. The real depth distance and measurement result is different by installation conditions because the Subject is not observed from the front of the Obrid-Sensor. The relationship between the depth distance and the measurement distance is shown in Fig. 4 . The Obrid-Sensor has a depression angle. In this case, the Obrid-Sensor looks down on the subject. Therefore, the depth distance that the nearest part of the body of the subject from the Obrid-Sensor is observed. The depth position is expressed by equation (5) . The θ, L, H and h respectively mean the depression angle, the distance from the sensor to the subject, the distance from the ground to the sensor and the height of the subject.
Threshold Acquisition Method
In order to measure the depth distance from the Obrid-Sensor, it is necessary to measure the width of wc from the brightness values larger than threshold Th to remove dark current noise in the difference waveform. However, the waveform includes the shadow of the subject. Therefore, it is considered that part of the end waveform by the threshold Th_w that is shown by the equation (6).
Kalman Filter
To estimate the position of the subject, the proposed method uses the Kalman filter. The Kalman filter makes the state space model by modeling the motion of the subject. The discrete-time equation that means the behavior of the system by using the model from the equation (7) . The xt is an estimation of the system. The system noise, the observation noise, and observation values are defined as wt, vt, and yt. These values change automatically by processing inside the Kalman filter.
The matrix F is a model defined as a system matrix or a state transition matrix. The wt is normal white noise defined as system noise. The G is a coefficient vector for transforming (8).
The matrix H is the observation coefficient vector, the vt is a normal white noise defined as the observation noise. The d is system noise defined as the coefficient for the input. The accuracy of the Kalman filter largely depends on the created model. In this research, the acceleration and deceleration of the person are assumed slow. In addition, the frame rate of the Obrid-Sensor is fast enough. Hence, the proposed method supposes that the movement of the subject is constant velocity. Therefore, the F is shown like the equation (9) . Each component of Xt = [xt, yt, ẋt, ẏt] T meaning the state variable is also defined as the Ph, depth distance, each of the time derivative. Assuming the uniform linear motion, the discrete time equation of state and the observation equation respectively become as follows the equation (10) and (11).
In this experiment, because of the time delay, the d is let be 0. The Zt is an observation vector, wt is a four-dimensional disturbance vector with an average value 0. The vt is also four-dimensional observation noise with an average value 0. In order to apply the estimated value Xt to the observed value, we use the unit matrix as H. In addition, the G is let be the unit matrix in order to give independent noise to each component of Xt.
Evaluation Experiment
Conditions and Environment
In this experiment, the horizontal and depth position are estimated by only one Obrid-Sensor simultaneously. Then, we evaluate the measurement results of the subjects' position by the proposed method. The results of occurring the occlusion are also confirmed whether the proposed method can estimate the horizontal position of the subjects. The Obrid-Snsor installed according to table 1. To estimate the horizontal position, the Obrid-Sensor installed in the position of left, right and center. The lighting of experimental environment was the fluorescent light. The illuminance of the experimental environment was 256 lx.
Methods
In this research, we prepare the eight subjects with different physical and clothes to compare with the actual position and the estimated position. The position of subject who moves by the pattern following Fig. 6 is estimated from observed waveform. In addition, in order to confirm whether the proposed method can estimate the subjects' position, the four pairs of two subjects are randomly made. The movements shown in Fig.6 are done five times. The Obrid-Sensor used in this experiment has dark current noise the value that is 22 on average and 28 on maximum randomly. Therefore, the threshold value for removing the error due to the subject's shadow is Th = 30. Also, n and m used for the moving average of equation (1) and the gradient of equation (2) are n = 5, m = 2. In this experiment, the width of the subject used to measure the depth position is defined as described below. The width l of the shoulder of the subject turning to the front against the Obrid-Sensor is let be 450 mm, it is the average value of human shoulder. The width of the subject turning to the side is let be 210 mm (10) , it is the average value of human chest. The height h of the male subject is defined 170 cm, which is the average height of males. The height h of the female subject is 155 cm (11) , which is the average height of females. The theoretical value and the installed angle of the Obrid-Sensor are set as shown in Table 1 .
Results and Discussion
The result of the forward and backward movement in the case of one subject is shown in Fig. 7 . The result of the left and right movement is shown in Fig. 8 
Observation value2 Estimated value2
Theoretical value 1
Theoretical value 2 Fig. 9 . Assumption of occlusion occlusion case of occlusion is shown in Fig. 9 . In these figures, the frame shown the observed value of 0 is the frame not obtaining the observed value. We confirmed the position of the subject is estimated around the previous frame by using the Kalman filter. Therefore, the position of the subject is estimated by one Obrid-sensor. About the whole results of the depth position measurement, the observed value in the case of moving forward and backward is larger than the theoretical value. The observed value in the case of the left and right movement is less than the theoretical value. As the cause of these error detections, it is thought that the width of observed feature is different from the theoretical value. In the experimental environment, the feature value was obtained lower than the supposition because the shadow disappeared by the fluorescent lights installed on all sides. In the results of the horizontal position measurement, the error detection that the observed value is 80 to 100 pixel often occurred. Two factors are considered as the main causes of detection error. The first one is that the feature values were obtained when the subjects move to the end of the detection range. The second is the shot noise that occurs with being proportional to the amount of light. Figure 9 shows that the proposed method can estimate the position of the subjects in the case the occlusion occurs. However, the proposed method estimated that the subjects were stationary when the occlusion occurs because the amount of the observed value change before the occurrence of the occlusion is small. The experimental results confirmed that the proposed method can detect the horizontal and depth movement by using one Obrid-Sensor. By using Kalman filter, the estimation of the person position is possible even if the observed value is not obtained.
Conclusions
In this research, we proposed the method to estimate the position of the subjects by estimating the horizontal and depth position simultaneously with a single Obrid-Sensor. By estimating the positional information obtained by the Obrid-Sensor by using Kalman filter, the subject's position measurement was verified. As shown in the experimental results, the proposed method can detect the horizontal and depth position of the subject with a single Obrid-Sensor. Meanwhile, the proposed method can track the positions of multiple subjects at the same time. By the proposed method, it is possible to estimate the position of the subjects with a single Obrid-Sensor using Kalman filter.
